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Faculty: Faculty of Science 
 
Strombus canarium Linnaeus, 1758, locally known as „siput gonggong‟ is a 
prosobranch gastropod from the family Strombidae that was highly associated 
with seagrass bed ecosystem. The main objectives of this study were to 
investigate and document the life history characteristics, biology, and ecology of 
the species, which are currently not well established.  
 
This study has been conducted at Merambong Shoal, Johor Straits, Malaysia. 
Sample collections were conducted using a belt transect method where all 
individuals within the transect area were collected. The population dynamic was 
analyzed using both the Electronic Length Frequency Analysis (ELEFAN) and 
Length-based Fish Stock Assessment (LFSA) approaches, incorporated in the 
FiSAT software package. Apart from field observation, field experimentation and 
 iv 
laboratory analyses, laboratory culture experiment (from egg mass to juvenile) 
was also conducted, using a standard larval culture protocol.  
 
Strombus canarium produced a long gelatinous tube of egg strand in the form of 
an egg mass. It took between 4.5 to 5.5 days of incubation before hatching, and 
the planktotrophic larvae spent between 18 to 24 days in the planktonic stage 
before metamorphosed. Metamorphic cue associated with bio-active materials 
from sediment taken from its nursery habitat showed the strongest effects 
compared to sediment conditioned seawater, seagrass detritus, seagrass detritus 
leachate, Potassium Chloride (KCL) and -aminobutyric acid (GABA). Changes 
of behavioral patterns related to metamorphosis were described, which can be 
divided into 3 phases: initiation, actual metamorphosis, and completion, resulted 
in completely camouflaged juveniles. 
 
In their natural habitat, juveniles can be found at specific localities (nurseries), 
characterized by low to medium density Halophila bed; high sediment organic 
content; high sorting coefficient, and low mean grain size. The adult population 
was widely distributed, but present in local colonies, and was highly seasonal in 
abundance. Based on the gonadosomatic index (GSI), combined with other 
biological, ecological and behavioral observations, it could be concluded that the 
species was highly seasonal in reproduction, which starts from November to late 
March.  
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The population showed sexual polymorphisms where 3 different sexual morphs 
present i.e., males, normal females, and imposex females. Imposex was 
characterized by superimposition of male sexual characters on female. The 
imposex females showed significantly larger and heavier shell, and higher degree 
of outer-lip flaring compared to males and normal females. Imposex severity was 
defined as Stage 0 without the male genital system; Stage 1 with the appearance 
of rudimentary penis, but without penis duct; Stage 2 with simple prong of penis 
and penis duct, but without accessory; and Stage 3 with male penis complete with 
accessories. Development of other male characters as outlined in the general 
scheme of imposex evolution in prosobranchs was never observed. The 
percentage incidence of imposex (%I) was lower compared to other gastropod 
within the study areas, and there was no case of female sterility observed.  
 
In population dynamic studies, a total of 766 males and 1322 females have been 
sampled from January to December 2005. Growth parameter estimation using 
both the ELEFAN-I and LFSA methods showed higher asymptotic length (L∞) 
value in females compared to the males, but there was no significant difference in 
growth constant (K) and age at zero-length (to) of both sexes. The mean growth 
rate during the first year growth was estimated at 2.66 ± 0.16 mm/month for male 
and 4.59 ± 0.59 mm/month for female, which was comparable with the actual 
growth recorded using mark-recapture technique. The growth performance index 
(φ‟) was slightly lower in male (φ‟=3.48) compared to the female (φ‟=3.81), but 
both was well within the values reported for other marine gastropods. Recruitment 
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patterns, together with observations on spawning and copulation suggest that the 
species was highly synchronized (seasonal) in reproduction. The production and 
biomass was also seasonal, significantly higher during the wet monsoon season 
compared to the dry season.  
 
In conclusions, many aspects of life history, biology, and ecology of S. canarium 
had been established. However more studies are urgently needed for better 
understanding and better management of the species, and for advancement of the 
species into mariculture. 
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Strombus canarium Linnaeus, 1758, yang dikenali oleh penduduk tempatan 
sebagai „siput gonggong‟ adalah gastropoda daripada Famili Strombidae yang 
mempunyai hubungan sangat rapat dengan ekosistem rumput laut. Objektif utama 
kajian ini adalah untuk menyiasat dan mendokumentasikan sejarah hidup, aspek 
biologi, dan ekologi spesis tersebut, yang sekarang ini maklumatnya agak terhad. 
 
Kajian ini telah dijalankan di Beting Merambong, Selat Johor, Malaysia. 
Pengumpulan sampel dilakukan menggunakan kaedah jalur transek di mana 
semua individu di dalam kawasan transek dikumpulkan. Dinamik populasi 
dianalisa menggunakan kaedah „Electronic Length Frequency Analysis‟ 
(ELEFAN) dan juga „Length-based Fish Stock Assessment‟ (LFSA), yang 
terkandung dalam pakej perisian FiSAT. Selain daripada pemerhatian dan 
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eksperimentasi di lapangan serta analisis makmal, kultur makmal larva (dari telur 
hingga juvenil) juga dilakukan, menggunakan kaedah piawai bagi kultur larva. 
 
Strombus canarium menghasilkan telur yang tersusun dalam satu tiub bergelatin 
yang panjang, membentuk satu gumpalan jasad telur. Ia memerlukan tempoh 
pengeraman dari 4.5 hingga 5.5 hari untuk menetas, menghasilkan larva 
planktotrofik yang hidup sebagai plankton selama 18 hingga 24 hari, sebelum 
menjalani proses metamorfosis. Induksi metamorfosis oleh bahan bio-aktif yang 
terdapat dalam sedimen dari habitat asuhan mempunyai kesan paling tinggi 
berbanding air laut yang diaktifkan dengan sedimen, detritus rumput laut, air 
peraman detritus rumput laut, Potassium Chloride (KCL) dan -aminobutyric acid 
(GABA). Perubahan kelakuan yang berkait dengan metamorfosis juga telah 
dikenalpasti, dan boleh dibahagikan kepada tiga fasa iaitu: inisiasi (permulaan), 
metamorfosis, dan fasa pengakhiran, menghasilkan juvenil yang mempunyai 
kesan penyamaran yang baik dengan kawasan sekelilingnya. 
 
Di habitat semulajadinya, juvenil boleh dijumpai di lokaliti yang spesifik, yang 
dicirikan oleh: kawasan rumput laut Halophila yang berkepadatan rendah ke 
kepadatan sederhana; mempunyai nilai „sorting coefficient‟ sedimen yang tinggi, 
dan purata saiz butiran sedimen yang rendah. Populasi dewasa didapati bertaburan 
secara meluas, tapi hadir dalam kelompok-kelompok koloni setempat, dan 
kelimpahannya sangat dipengaruhi oleh musim. Berdasar kepada indeks 
gonadosomatik (GSI), disamping ciri-ciri biologi, ekologi, dan aspek kelakuan, 
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spesis kajian boleh dirumuskan mempunyai corak pembiakan yang juga sangat di 
pengaruhi oleh musim, bermula dari November hingga Mac.  
 
Populasi S. canarium menunjukkan fenomena polimorfisma seksual di mana 
terdapat 3 kumpulan morfologi  berbeza iaitu jantan, betina normal dan betina 
imposex. Imposex mempunyai ciri kehadiran organ seksual jantan secara 
abnormal pada individu betina. Betina imposex mempunyai cangkerang yang 
secara signifikannya lebih besar dan lebih berat, dan darjah pengembangan bibir 
cangkerang yang lebih tinggi berbanding jantan dan betina normal. Tahap 
imposeks terhadap spesies dikelaskan kepada: Tahap 0 tanpa sebarang organ 
seksual jantan; Tahap 1 mempunyai penis rudimen, tanpa duktus; Tahap 2 
mempunyai penis ringkas, berserta duktus, tapi tanpa aksesori; dan Tahap 3 
mempunyai penis lengkap, berserta dengan duktus dan aksesori. Selain daripada 
itu peratus insiden imposex (%I) adalah rendah berbanding insiden ke atas 
gastropod lain di kawasan kajian, dan tidak ada kes betina steril yang di jumpai.  
 
Dalam kajian dinamik populasi, sejumlah 766 jantan dan 1322 betina telah di 
sampel dari bulan Januari hingga Disember 2005. Penentuan parameter 
tumbesaran menggunakan ELEFAN-I dan LFSA menunjukkan nilai panjang 
asimptot (L∞) yang lebih tinggi bagi betina berbanding jantan, namun tiada 
perbezaan signifikan bagi nilai pemalar tumbesaran (K) dan umur pada panjang 
sifar (to). Purata kadar tumbesaran bagi tahun pertama dianggarkan pada 2.66 ± 
0.16 mm/bulan untuk jantan, dan 4.59 ± 0.59 mm/bulan untuk betina, yang agak 
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sama berbanding dengan nilai sebenar diperolehi secara kaedah tanda-tangkap 
semula. Indeks prestasi tumbesaran (φ‟) sedikit rendah bagi jantan (φ‟=3.48) 
berbanding betina (φ‟=3.81), namun kedua-duanya masih berada di dalam julat 
nilai yang dilaporkan untuk gastropoda marin yang lain. Corak rekrutmen, 
bersama-sama dengan pemerhatian terhadap jumlah telur dan kopulasi 
mencadangkan yang spesies adalah sangat bermusim dalam pembiakan. Kadar 
penghasilan dan biomas juga menunjukkan sifat bermusim, di mana nilainya lebih 
tinggi pada musim hujan berbanding musim kering. 
 
Sebagai kesimpulan, berbagai aspek riwayat hidup, biologi, dan ekologi S. 
canarium telah berjaya dikenalpasti. Walau bagaimanapun kajian lanjut amat 
diperlukan untuk lebih memahami spesis tersebut, disamping pengurusan mapan 
sumber tersebut dapat dilakukan, dan untuk membangunkan spesies ini dalam 
industri marikultur. 
 xi 
ACKNOWLEDGEMENTS 
 
 
Praise to Allah the Almighty for the strength, health, and peace of mind He 
provided me throughout this study. 
 
I would like to express my sincere gratitude to my supervisor, Assoc. Prof. Dr. 
Aziz Arshad for the support, continued guidance and valuable collaboration 
during the entire process of this thesis at Universiti Putra Malaysia. Without those 
quality and constructive supervision and guidance, this work may not have come 
to completion. 
 
I would like to thank my thesis committee members for their advice and critics on 
this thesis, and for continuous constructive discussion and suggestions: Assoc. 
Prof. Dr. Japar Sidik Bujang and Assoc. Prof. Dr. Mazlan Abd. Ghaffar. 
 
I am also grateful to several people who were instrumental to the development of 
this thesis: Perumal Kuppan for his advice during laboratory culture work, Azmi 
for his technical assistant, and last but not least Pak Long who provide the boat 
service to the study site. 
 
 xii 
I certify that an Examination Committee has met on 28 August 2008 to conduct 
the final examination of Zaidi Che Cob on his Doctor of Philosophy thesis 
entitled “Aspects of Biology and Ecology of Strombus canarium Linnaeus, 1758 
(Gastropoda; Strombidae) From Merambong Shoal, Johore, Malaysia” in 
accordance with Universiti Pertanian Malaysia (Higher Degree) Act 1980 and 
Universiti Pertanian Malaysia (Higher Degree) Regulations 1981. The committee 
recommends that the candidate be awarded the Doctor of Philosophy degree.  
 
Members of the Examination Committee are as follows: 
 
 
Ahmad Ismail, PhD 
Associate Professor  
Faculty of Science, 
Universiti Putra Malaysia 
(Chairman) 
 
Jambari Hj. Ali, PhD 
Professor 
Faculty of Science, 
Universiti Putra Malaysia 
(Internal Examiner) 
 
Siti Khalijah Daud, PhD 
Associate Professor 
Faculty of Science, 
Universiti Putra Malaysia 
(Internal Examiner) 
 
 
Zulfigar Yasin, PhD 
Professor 
School of Biological Sciences 
Universiti Sains Malaysia 
(External Examiner) 
 
 
______________________________ 
HASANAH MOHD. GHAZALI, PhD 
Professor and Deputy Dean, 
School of Graduate Studies, 
Universiti Putra Malaysia 
 
Date: 23 October 2008 
 xiii 
This thesis was submitted to the Senate of Universiti Putra Malaysia has been 
accepted as fulfilment of the requirements for the degree of Doctor of Philosophy. 
The members of Supervisory Committee were as follows: 
 
Aziz Arshad, PhD 
Associate Professor 
Faculty of Science 
Universiti Putra Malaysia 
(Chairman) 
 
Japar Sidik Bujang, PhD 
Associate Professor 
Faculty of Science 
Universiti Putra Malaysia 
(Member) 
 
Mazlan Abd Ghaffar, PhD 
Associate Professor 
Faculty of Science and Technology 
Universiti Kebangsaan Malaysia 
(Member) 
 
 
 
 
 
 
________________ 
AINI IDERIS, PhD 
Professor and Dean 
School of Graduate Studies 
Universiti Putra Malaysia 
 
Date: 13 November 2008 
 
 
 xiv 
DECLARATION 
 
I declare that the thesis is based on my original work except for quotations and 
citations which have been duly acknowledged. I also declared that it has not been 
previously and is not concurrently submitted for any other degree at Universiti 
Putra Malaysia or at any other institutions. 
 
 
  
 
 
 
_______________  
ZAIDI CHE COB 
 
Date: 19 September 2008                         
 
 
 
 
 
 
 
 xv 
TABLE OF CONTENTS 
 
                       Page 
DEDICATION             ii 
ABSTRACT              iii 
ABSTRAK              vii 
ACKNOWLEDGEMENTS            xi 
APPROVAL              xii 
DECLARATION             xiv 
LIST OF TABLES             xvii 
LIST OF FIGURES             xxi 
 
CHAPTER 
 
1 GENERAL INTRODUCTION          1 
1.1 Background            1 
1.2 Statement of the Problems          5 
1.3 Objectives             8 
 
2 LITERATURE REVIEW           9 
 
3 GENERAL METHODOLOGY          59 
3.1 Study Site             59 
3.2 Climatic Condition           60 
3.3 Sample Collection and Measurements         61 
3.4 Population Dynamic Analysis          62 
3.5 Laboratory Culture Method          63 
3.6 Habitat Characteristics and Physico-chemical Parameters      64 
3.7 Statistical Analysis           65 
3.8 Results of Physico-chemical Parameters         66 
 
4 EARLY LIFE HISTORY CHARACTERISTICS:        68 
EMBRYONIC, LARVAL DEVELOPMENT AND  
METAMORPHOSIS OF Strombus canarium LARVAE 
4.1 Background             68 
4.2 Materials and Methods           71 
4.3 Results             82 
4.3.1 Spawning and Egg Mass Description        82 
4.3.2 Embryonic and Pre-Hatch Larval Development       85 
4.3.3 Post-Hatched Larval Development         89 
4.3.4 Metamorphic Competence and Metamorphosis       92 
4.3.5 Larval Development Stages and Description        94 
4.3.6 Behavioral Observations         101 
4.3.7 Larval Development, Growth and Survivals       105 
4.3.8 Settlement Cues Experiment         111 
 xvi 
4.3.9 Juvenile Behavior and Growth         115 
4.4 Discussion             121 
4.5 Conclusions            141 
 
5 BIOLOGY OF Strombus canarium          144 
5.1 Background            144 
5.2 Materials and Methods           149 
5.3 Results             156 
5.3.1 Allometry Analysis          156 
5.3.2 Reproductive Biology          158 
5.3.4 Imposex, Morphometry and Sexual Polymorphism      184 
5.4 Discussion             194 
5.5 Conclusions            203 
 
6 ECOLOGY OF Strombus canarium         205 
6.1 Background            205 
6.2 Materials and Methods           210 
6.3 Results             215 
6.3.1 Monthly Density          215 
6.3.2 Seasonal Variations in Abundance        218 
6.3.3 Spatial Distribution          219 
6.3.4 Feeding Ecology          222 
6.3.5 Habitat Preferences          227 
6.3.6 Nursery Habitats          233 
6.4 Discussion             237 
6.5 Conclusions            249 
 
7 POPULATION DYNAMICS OF Strombus canarium         251 
7.1 Background            251 
7.2 Materials and Methods           253 
7.3 Results             264 
7.3.1 Growth Parameters (ELEFAN-I Method)       264 
7.3.2 Growth Parameters (LFSA Method)       282 
7.3.3 Growth Parameters: Mark-Recapture and       292 
Length-At-Age data 
7.3.4 Production and Biomass         295 
7.3.5 Strombus canarium Fishery         299 
7.4 Discussion             303 
7.5 Conclusions            311 
 
8 GENERAL DISCUSSION AND CONCLUSION        313 
 
REFERENCES             323 
APPENDICES             358 
BIODATA OF STUDENT            375 
LIST OF PUBLICATIONS            376 
 xvii 
LIST OF TABLES 
 
Table  Page 
   
2.1 Taxonomic classification of Strombus canarium 16 
   
2.2 Nutrient content of Strombus canarium and comparisons with 
other mollusks 
51 
   
4.1 Natural and artificial inducers type and method of preparation. 78 
   
4.2 Summary of the major events in embryonic developments of 
Strombus canarium 
89 
   
4.3 Day to appearance of development characteristics of S. 
canarium larvae cultured during the wet and dry season  
91 
   
4.4 Strombus canarium larval growth (shell length): comparison 
between culture experiments conducted during wet and dry 
season 
107 
   
4.5 Model coefficients for Gompertz regression to describe 
Strombus canarium larval growth using length-at-age data  
108 
   
4.6 Metamorphosis response of Strombus canarium larvae 
exposed to different metamorphosis inducers  
112 
   
4.7 Settlement cue experiment on larvae: Post-hoc analysis using 
Tukey‟s pairwise comparison 
114 
   
4.8 Mean shell length and growth rates of Strombus canarium 
juveniles reared in laboratory  
120 
   
4.9 Time (h) of embryonic development of Strombus canarium 
and other gastropod mollusk  
124 
   
4.10 Day to appearance of development characteristics of the larvae 
of Strombus canarium (current study) in comparisons with 
Strombus gigas and Strombus pugilis 
128 
   
5.1 Correlations between log-transformed values of ash-free dry-
weight (AFDW) against shell-length (SL), and shell-width 
(SW) for Strombus canarium 
158 
   
5.2 Tukey‟s pairwise comparisons between monthly gonado-
somatic index (GSI) values for male Strombus canarium 
170 
 xviii 
5.3 Comparisons of male and female Strombus canarium gonado-
somatic index (GSI) within months 
171 
   
5.4 Correlation between characters associated with reproduction 
in Strombus canarium 
174 
   
5.5 Correlation between Strombus canarium gonado-somatic 
index (GSI) and environmental parameters 
174 
   
5.6 Tukey‟s pairwise comparisons on monthly condition factor 
(K) values of female Strombus canarium 
177 
   
5.7 Tukey‟s pairwise comparisons on monthly condition factor 
(K) values of male Strombus canarium 
178 
   
5.8 Comparison between male and female Strombus canarium 
condition factor (K) within months 
178 
   
5.9 Tukey‟s pairwise comparisons on monthly condition index 
(CI) values of female Strombus canarium 
181 
   
5.10 Comparisons between male and female Strombus canarium 
condition index (CI) within month 
183 
   
5.11 Pearson correlations on monthly biological indices of 
Strombus canarium (January to December 2005) 
184 
   
5.12 Percent incidence (%I) of imposex in Strombus canarium 185 
   
5.13 Relative penis size index (RPSI) and relative penis length 
index (RPLI) of Strombus canarium 
187 
   
5.14 Canonical variates analysis (CVA) on Strombus canarium 
shell linear characters of all the groups pooled (males, females 
and imposex females) 
191 
   
5.15 Comparisons between morphometric characters of different 
morphs of matured Strombus canarium 
193 
   
6.1 Classes of dominance used to record macrophyte coverage 213 
   
6.2 Tukey‟s pairwise comparisons for Strombus canarium 
monthly density 
218 
   
6.3 Pearson correlation between Strombus canarium density and 
environmental parameters 
218 
 xix 
6.4 Field observations on Strombus canarium feeding preference 224 
   
6.5 Percentages of food items found in the stomach of adult 
Strombus canarium 
227 
   
6.6 Strombus canarium density at each sampling station 
(dependent variable) 
228 
   
6.7 Benthic macrophyte characteristic of the sampling stations 
(independent variables, biotic) 
229 
   
6.8 Benthic habitat characteristics of the sampling stations 
(independent variables, abiotic) 
230 
   
6.9 Eigenvalues and percentage of variation described by each 
axes 
231 
   
6.10 Eigen vectors for variables used in PCA of environmental 
(seagrass habitat) data, indicating the strengths of the 
correlations between variables and the principle components 
(axes) 
232 
   
6.11 Strombus canarium nursery habitat: conch density and habitat 
characteristics 
235 
   
6.12 Strombus canarium nursery habitat: Eigenvalues and 
percentage of variance described by each axes 
236 
   
6.13 Strombus canarium nursery habitat: Eigen vectors for 
variables used in PCA of environmental data, indicating the 
strengths of the correlations between variables and the 
principle components (axes) 
236 
   
7.1 Monthly length-frequency distribution of male Strombus 
canarium 
265 
   
7.2 Monthly length-frequency distribution of female Strombus 
canarium 
266 
   
7.3 Identified age groups from length-frequency analysis of male 
Strombus canarium 
283 
   
7.4 Identified age groups from length-frequency analysis of 
female Strombus canarium 
284 
   
   
 xx 
7.5 Specific cohort growth parameters for male Strombus 
canarium determined using ELEFAN-1 
 
289 
   
7.6 Specific cohort growth parameters for female Strombus 
canarium determined using ELEFAN-1 
289 
   
7.7 Mark and recapture data of Strombus canarium 293 
   
7.8 Length and age of newly metamorphosed juvenile Strombus 
canarium reared in laboratory 
294 
   
7.9 Annual production and standing biomass of male Strombus 
canarium cohorts 
296 
   
7.10 Annual production and standing biomass of female Strombus 
canarium cohorts 
297 
   
7.11 Production (P, gAFDW/m
2
/yr), biomass ( B , gAFDW/m
2
) and 
BP /  ratio for Strombus canarium, and comparison with other 
gastropods 
299 
   
7.12 Strombus canarium monthly catch data for 2005/2006 
collecting season 
300 
   
7.13 Strombus canarium fishery: Biological parameters of catch 302 
 
 
 xxi 
LIST OF FIGURES 
 
Figure  Page 
   
1.1 Strombus canarium Linnaeus, 1758 adult and juvenile 4 
   
2.1 Geographical distribution of Strombus canarium 19 
   
2.2 Schematic drawing of a generalized Strombus anatomy 22 
   
2.3 Gonad of an immature male Strombus canarium 24 
   
2.4 Schematic drawing of a generalized female Strombus 
reproductive tract 
27 
   
3.1 Location of the study site, the Merambong Shoal, Johor 
Straits, Malaysia 
60 
   
3.2 Monthly rainfall data for southern Johor area 61 
   
3.3 Salinity and temperature (January to December 2005) 66 
   
3.4 Conductivity (bottom), January to December, 2005 67 
   
3.5 Dissolved oxygen (bottom) January to December, 2005 67 
   
4.1 Sediment taken from Strombus canarium nursery ground 
habitat that was used for juvenile culture, and close-up of the 
surface sediment 
80 
   
4.2 Juvenile culture vessel, with sediment taken from Strombus 
canarium nursery habitat used as bottom sediment 
80 
   
4.3 Juvenile Strombus canarium behavior: direct observation 
under the dissecting microscope 
81 
   
4.4 Spawning female with egg mass still attached 82 
   
4.5 Fragment of egg strand with parts of outer membrane peeled 84 
   
4.6 Strombus urceus egg mass 84 
   
4.7 Strombus canarium embryo stages 86 
   
4.8 Strombus canarium veliger stages 87 
   
 xxii 
4.9 Strombus canarium egg stand during the hatching process 88 
   
4.10 A highly competence Strombus canarium larvae 93 
   
4.11 Strombus canarium larval operculum 94 
   
4.12 Strombus canarium veliger Stage I 95 
   
4.13 Strombus canarium veliger Stage II 96 
   
4.14 Strombus canarium veliger Stage III 98 
   
4.15 Strombus canarium veliger Stage IV 99 
   
4.16 Newly metamorphosed juvenile Strombus canarium  101 
   
4.17 Strombus canarium in the midst of metamorphosis 103 
   
4.18 Juvenile Strombus moments after underwent metamorphosis 104 
   
4.19 Juvenile Strombus canarium day-1, completely camouflaged 
with sediment particle, sand and debris 
105 
   
4.20 Shell length at age relationship for Strombus canarium larvae 
cultured during wet season, plotted using Gompertz model 
108 
   
4.21 Shell length at age relationship for Strombus canarium larvae 
cultured during dry season, plotted using Gompertz model 
109 
   
4.22 Growth rate at specific age intervals for Strombus canarium 
larvae cultured during wet season and dry season 
109 
   
4.23 Percent survivals of Strombus canarium larvae cultured 
during wet season and dry season 
110 
   
4.24 Percentage of metamorphosed Strombus canarium larvae 
after 24 h 
114 
   
4.25 Strombus canarium larvae feeding underneath the surface 
film 
115 
   
4.26 Strombus canarium with shell partly buried into sediment 116 
   
4.27 Strombus canarium juvenile covered with sediment as a form 
of camouflaged 
118 
4.28 Development of Strombus canarium operculum 119 
 xxiii 
4.29 Power function plot of post-metamorphic Strombus canarium 
juvenile growth in laboratory culture condition 
120 
   
4.30 Growth rate at age intervals of Strombus canarium reared in 
laboratory. 
121 
   
5.1 The different measurements used for comparing shell 
morphology in Strombus canarium. 
150 
   
5.2 Shell length to weight (AFDW) relationship for male and 
female Strombus canarium 
157 
   
5.3 Shell width to weight (AFDW) relationship for male and 
female Strombus canarium. 
158 
   
5.4 Strombus canarium gonad 159 
   
5.5 Male Strombus canarium reproductive organ 160 
   
5.6 Schematic line drawing of Strombus verge, drawn from fresh 
specimen taken from Merambong Shoal 
160 
   
5.7 Female Strombus canarium reproductive organ (egg groove, 
vulva, capsule gland) 
161 
   
5.8 Probability of sex determination in female Strombus 
canarium 
162 
   
5.9 Probability of sex determination in male Strombus canarium 162 
   
5.10 Early sexual development in Strombus canarium 163 
   
5.11 Schematic line drawing of a matured Strombus canarium 
verge 
164 
   
5.12 Logit curve plot of percentage of mature Strombus canarium 
males for the respective shell length class 
165 
   
5.13 Logit curve plot of percentage of mature females Strombus 
canarium for the respective shell length class 
165 
   
5.14 Probit curve plot of probability of mature males Strombus 
canarium for the respective lip thick class 
166 
   
5.15 Probit curve plot of probability of mature females Strombus 
canarium for the respective lip thick class 
166 
